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EFFICACY OF SLIDE FIXATIVE METHODS FOR EXAMINING SPERM 
 
 
CAYCE LOMBARDI 
 
ABSTRACT 
The identification of semen is very important in forensic cases, especially in 
sexual assault cases.  Microscopic examination for spermatozoa is the only confirmatory 
test for the presence of semen since sperm is unique to semen and because other testing 
methods for components of semen are still not specific enough to truly be confirmatory.  
To prepare slides for microscopic examination, the sample is centrifuged to pull the 
sperm to the bottom of the sample tube to make a pellet.  The supernatant is removed and 
some of the pellet is placed onto a microscopic slide.  The slide is then fixed and 
commonly stained with Kernechtrot Picroindigocarmine Stain (KPIC) prior to 
examination.  The first stain used in the KPIC method is nuclear fast red which is a 
metallic dye that stains nuclear material, including sperm heads, red.  After the nuclear 
fast red is rinsed off using distilled water, a second stain, picroindigocarmine, is used.  
Picroindigocarmine is a saturated picric acid and indigocarmine solution that will stain 
sperm tails and the cytoplasm of epithelial cells a light green color.  This second stain is 
then rinsed off using ethanol.  The objective of this research was to determine how much 
sperm is lost, if any, during the slide preparation process and if one fixative method was 
better than others at preventing the loss of sperm during the staining process.  Three 
traditional heat fixative methods (hot plate, flame from a Bunsen burner, and oven) were 
evaluated and five chemical fixatives (100% ethanol, 100% methanol, Carnoy’s solution, 
2.5% glutaraldehyde, and 4% paraformaldehyde) as well as without the use of any 
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fixative were also evaluated.  This was done by collecting both the distilled water and 
ethanol washes from the staining process in separate centrifuge tubes and preparing a 
slide from those to identify any sperm that may have been dislodged from the slide 
during the staining process. 
Since there was no sperm loss was detected in any of the fixative methods, all are 
suitable for use in identifying semen.  Due to cost, time, and ease of use, heat fixatives 
may be preferable.  Since the different temperatures of the heat fixatives did not appear to 
have an effect on sperm loss, the hot plate would be the easiest and quickest method to 
use.  Additionally, hot plates don’t require a gas line into the lab. 
However, the results also demonstrated how difficult it is to count the same 
number of sperm on multiple slides made from the same semen dilution.  For all slides, 5 
µL of a 1:2500 dilution of semen was used, however, the number of sperm observed on 
the slides varied widely for all fixative methods. Multiple samples from three different 
tubes of the same dilution of semen were quantified to see if this variability was also 
observed in DNA quantification. The results showed that even though there was some 
variation in quantities between samples, the results were not statistically significant. One 
avenue of future research would be to evaluate other steps of slide preparation that may 
decrease sperm yield. 
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1. INTRODUCTION 
 Some of the most important types of evidence found at crime scenes are from 
biological fluids which contain deoxyribonucleic acid (DNA) and can be used to identify 
an individual.1  The identification of DNA-containing sperm cells, also known as 
spermatozoa, is very important in sexual assault and in some homicide cases since sperm 
can lead to an identification of a potential suspect.  A major portion of the casework in a 
forensic lab involves sexual assault evidence2.  Sexual assault kits are routinely collected 
when a victim consents during a forensic medical examination.  In sexual assault cases, 
semen can be found on items such as swabs from the victim(s), clothing, and bedding.3  
In many rape cases, there are no eye witnesses so evidence of semen may corroborate the 
victims’ allegations and may identify an assailant.4  Samples can be taken from both the 
suspect(s) and victim(s) that can corroborate these allegations and link them together.5   
 In addition to DNA analysis on a suspected semen sample, preliminary and/or 
confirmatory testing for semen may be performed.  The components of semen include the 
cellular portion (spermatozoa) as well as acid phosphatase (AP), prostate-specific antigen 
(PSA), and seminal vesicle-specific antigen (SVSA), among other components.  
Traditionally, the first step in the analytical scheme for semen analysis is a presumptive 
test for AP.  Acid phosphatase is an enzyme that is found in high levels in semen and a 
colorimetric test can be used to detect its presence.  To perform this test, a reagent that 
contains α-naphthyl phosphate is added to the suspected semen sample or an overlay of 
the sample.  If AP is present, it will catalyze the breakdown of the α-naphthyl phosphate, 
which will produce a free naphthyl that reacts with an azo dye to produce a purple color 
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change.  If the expected color change is observed within the validated time frame limit of 
the assay,  the test is considered presumptively positive for semen.  However, AP is 
found in low concentrations in other body fluids6 such as vaginal fluids; therefore an AP 
positive result does not necessarily mean semen is present.  Performing this test is quick, 
easy, and non-consumptive. 
If a sample yields an AP positive result, the analyst may also perform a 
confirmatory test for semen [Figure 1].  Microscopic examination is the only 
confirmatory test for the presence of semen due to the specificity of spermatozoa. Other 
testing methods for components of semen are not specific enough to truly be unique to 
semen.7,8  To prepare a sample for micorscopic examination for sperm, a small cutting 
from the item of evidence is placed into a centrifuge tube and distilled water or buffer is 
added to elute the cells.  Next, the cutting is placed into a spin basket, returned to the 
centrifuge tube and centrifuged.  This will pull down cells, if present, to the bottom of the 
centrifuge tube, forming a pellet.  The liquid portion on top is the supernatant, which will 
contain the soluble components of seminal fluid if present.  The supernatant is removed 
and can be retained if needed for secondary screening testing for semen.  Then, the pellet 
is resuspended and a portion of the pellet is placed onto a microscope slide.  The pellet is 
then fixed to the slide, stained, and examined under a compound microscope for the 
presence of spermatozoa. 
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Figure 1. Traditional Analytical Scheme of Forensic Semen Testing. 
 
The observation of a single sperm head is sufficient to confirm the presence of 
semen,9 but the inability to visualize sperm does not necessarily mean a sample does not 
contain semen.  Some males have the condition azoospermia (or aspermia), which means 
that they do not have sperm in their semen. For this reason, additional testing may be 
necessary if a sample is suspected to be semen but the microscopic exam is negative.  As 
previously mentioned, PSA and SVSA are found in seminal fluid and are used for 
secondary forensic testing but are still both found in other body fluids or body tissues.7  
Chromatographic immunoassays that test for PSA and SVSA are easy to use and may be 
used as a secondary screening test for semen.  Therefore, detection of one of these 
components  in addition to AP provides an  indication that semen may be present.  
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1.1 Sperm Creation and Morphology 
Spermatozoa are DNA-containing cells found only in semen.  Spermatogenesis is 
the process of producing mature spermatozoa.9  The seminiferous tubules of the testes 
contain spermatogonia, which differentiate to form spermatids that are in turn 
differentiated to form spermatozoa, and then spermatozoa are stored in the epididymis 
until ejaculation.10  Semen is not homogenous during ejaculation as the first part of the 
ejaculate contains more sperm, and semen collected later from the same ejaculation 
contains less sperm and more seminal fluid.11  An intact sperm contains a head, mid-
piece, and tail spanning approximately 50 µm in length [Figure 2].  The head consists of 
the cell nucleus containing haploid DNA and the acrosome, positioned at the anterior.  
The acrosome contains digestive enzymes that help with the fertilization of the ovum.10  
The tail is involved in the motility of sperm and is very fragile, thus it is not always 
present during a microscopic examination, possibly due to sample degradation or loss 
during the extraction process.12  In healthy males, a normal concentration of sperm ranges 
from 20 million to 200 million sperm per 1 mL and a typical ejaculate contains about 2-5 
mL of semen.  Additionally, only about 60% of spermatozoa have normal morphology, 
meaning that abnormalities in morphology may  be observed in a sample.11  
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Figure 2. Intact spermatozoa Depicted with KPIC Stain. 
 
1.2 Staining Techniques 
Different staining techniques are used to visualize the sperm cells and can provide 
contrast between the sperm heads and other material on the slide.  One of the most 
common staining methods used in forensics is the Christmas Tree Stain, also known as 
Kernechtrot Picroindigocarmine Stain (KPIC), which was specifically created to help 
visualize spermatozoa.3  Hematoxylin and Eosin (H&E) is also a common dual staining 
technique, however KPIC is reported to be easier to visualize and differentiate sperm.4  
Allery et al. performed a study comparing the use of KPIC, H&E, and alkaline fuchsin 
for sperm detection.  They concluded that KPIC and H&E were much better than alkaline 
fuchsin at detecting spermatozoa, and that compared to H&E, slides stained with KPIC 
were easier to read.  The first stain used in the KPIC method is nuclear fast red, a metallic 
dye that stains nuclear material red [Figure 3].  After the nuclear fast red is rinsed off 
using distilled water, a second stain, picroindigocarmine, is used.  Picroindigocarmine is 
a saturated picric acid and indigocarmine solution that will stain sperm tails and the 
cytoplasm of epithelial cells a light green color.  This second stain is then rinsed off using 
ethanol.  One disadvantage of KPIC staining is that some older slides might exhibit 
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bleaching of the sperm heads, but this is not specific to this staining method alone.  
Another disadvantage is that material like epithelial cell nuclei, bacteria, and yeast will 
also stain red. This may complicate microscopic examination, particularly if there is 
abundant material on the slide. However, the morphology of sperm when stained with 
KPIC is unique and the lighter acrosome assists in identification. 
 
 
Figure 3. Sperm Cells Stained with KPIC under 400X Magnification. 
 
1.3 Fixatives 
Fixation is the process of adhering the cells of a sample to a microscope slide so 
that the cells are preserved during the slide staining process .13  Microscopic examination 
to locate and identify spermatozoa can be difficult if there is a low number of sperm cells 
to start, thus having a reliable fixative method is very important to ensure that sperm loss 
during staining is minimal.  It is important to not lose any sperm on the microscope slides 
because finding one sperm head is enough to positively identify a sample as containing 
semen.9  There are mulitple types of fixative methods for cells in different scientific 
disciplines, but heat fixation is currently the traditional and most often used in forensic 
7 
laboratories.  Commonly used heat fixative methods include the hot plate, laboratory 
oven, and Bunsen burner.   
Chemical fixatives can also be used to adhere cells to microscope slides and are 
commonly found in the medical field.13 For example, fertility studies assess sperm count 
and morphology.14  Aldehydes that are crosslinking fixatives are common methods used 
for fixation.  These type of fixatives create covalent bonds between proteins.13  Formalin, 
which is a 4% aqueous formaldehyde solution, is a common fixative used in the medical 
field.15,16  Formalin is a cross-linking fixative that reacts with nucleic acids and amines on 
proteins, forming methylene bridge crosslinks.18  Using formalin as a fixative can result 
in nucleic acid degradation and fragmentation so formalin is not the best fixative to use if 
subsequent DNA analysis may be performed.19,20  Some other aldehydes that are used for 
fixation include paraformaldehyde and glutaraldehyde.  While paraformaldehyde is 
known for being compatible with immunohistochemistry techniques, glutaraldehyde is 
known as being the best type of fixative method when electron microscopy is going to be 
used19. Though glutaraldehyde is not the best aldehyde to use with 
immunohistochemistry staining, it gives the best nuclear detail.  
Alcohols, like ethanol and methanol, are considered precipitating fixatives and are 
commonly used in the medical field for the fixation of cytology slides.16  These types of 
fixatives disrupt the hydrophobic interactions in proteins by decreasing the solubility of 
the proteins.20  In studies that evaluted optimal fixative methods, it was discovered that 
the recovery of DNA from specimens that were fixed using ethanol was better than 
specimens that were fixed with formalin by using polymerase chain reaction (PCR) and 
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gel electrophoresis.21,22  Carnoy’s solution is a chemical fixative that is composed of a 3:1 
ratio of methanol to glacial acetic acid (GAA).  Carnoy’s solution is used in the medical 
field and can be used as a fixative for Pap smear slides and for nuclear DNA in tissues.23 
 
1.4 Analysis of Semen Confirmatory Testing 
 When slides are positive for spermatozoa a qualitative grading scheme can be 
used to convey the approximate concentration of sperm in a sample.  This is done by 
estimating the number of sperm per magnification field under 400x magnification and 
assigning a predefined value between 0 and 4 [Table 1].  
 
Table 1. Grading Values for Sperm. 
Value Observation 
0 No sperm present 
1+ Few sperm on entirety of slide 
2+ At least one sperm in most fields 
3+ Multiple sperm in most fields 
4+ Many sperm in most fields 
 
  
When these values are used to estimate the ratio of sperm to epithelial cells, it can 
give some indication of the amount of DNA to expect for each subject in a suspected 
mixture sample.  Epithelial cells are non-keratinizing stratified squamous cells that are 
found lining the vaginal cavity and are a plentiful source of DNA.  In forensic casework, 
a two person mixture often occurs in sexual assault cases.25  When epithelial cells are 
stained with KPIC, the cytoplasm will stain a blue/green color and the nuclei will stain a 
pink/red color.  Compared to spermatozoa, epithelial cells are much bigger [Figure 4]. 
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Epithelial cell nuclei are typically slightly larger than sperm heads, and the morphology 
of sperm with the lighter acrosomal cap differentiates sperm heads from epithelial cell 
nuclei. 
 
 
Figure 4. Diagram of Approximate Relative Size of Sperm Versus an Epithelial Cell. 
  
If confirmatory testing results in a positive result for spermatozoa, the next step in 
testing is DNA analysis.  If semen is present on an item of evidence, a swab or cutting 
can be taken directly from that item of evidence for DNA analysis.  The microscopic 
examination for sperm can indicate whether or not DNA analysis will be successful.25 If 
confirmatory testing shows there is a small amount of sperm on the slides and insufficient 
sample remains on the original item of evidence, sperm can be collected from the slides 
themselves.   
 When a slide that is made for microscopic examination for sperm, it is possible 
that epithelial cells will also be on the slides, especially if it is from a sexual assault case.  
If epithelial cells and sperm are present, the item of evidence likely contains a mixture of 
two or more different DNA profiles.  Isolation of DNA from spermatozoa from other 
cells is possible through a process called differential extraction [Figure 5].26  Differential 
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extraction is the process of preferentially digesting and then physically separating the 
epithelial cells, the female fraction, from the spermatozoa, the male fraction, in a mixed 
sample. DNA analysis is then performed on each fraction, ideally resulting in two single 
source profiles2, however carryover between the fractions is common.  A differential 
extraction begins by adding cell lysis buffer, which will lyse the non-sperm cells and 
release DNA in solution.  The disulfide bonds found in sperm resist digestion and the 
sperm cells remain intact.  This mixture will then be centrifuged so the sperm will be 
found in the pellet at the bottom of the sample tube and the DNA from the lysed non-
sperm cells will be found in the supernatant.  This supernatant is then removed, leaving 
the sperm pellet at the bottom.  The pellet will be resuspended and lysis buffer will be 
added to the pellet. Dithiothreitol (DTT) is added to lyse the sperm cells and release the 
sperm cell DNA into solution.27  Both the sperm DNA and the DNA of non-sperm cells 
from the supernatant can be used for further analysis.  
11 
 
Figure 5. Diagram of Differential Extraction. 
 
1.5 Research Objectives 
The initial objectives of this research were to determine how much sperm is lost, 
if any, during the slide preparation process and to determine if one fixative method 
outperformed others.  Three traditional heat fixative methods (a hot plate, flame from a 
Bunsen burner, and laboratory oven) were evaluated along with five chemical fixatives: 
100% ethanol, 100% methanol, Carnoy’s solution, 2.5% glutaraldehyde, and 4% 
paraformaldehyde. The use of no fixative was also evaluated. The second part of this 
research was an evaluation of the approximate number of spermatozoa and resulting 
concentration of DNA in replicate sperm dilutions. 
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2. MATERIALS AND METHODS 
2.1 Preparing Semen Dilution for Heat Fixatives and No Fixative 
Preliminary work demonstrated that a 1:2500 dilution of semen from a specific 
donor worked best for viewing slides with approximately 200 sperm cells per slide, 
although some variation was observed.  To prepare this dilution, 5 µL of neat semen was 
placed in a 2 mL microcentrifuge tube with 120 µL of distilled water to make a 1:25 
dilution.  This tube was vortexed and then 5 µL of this mixture was taken and placed in 
another 2 mL microcentrifuge tube and then 495 µL of distilled water was added to make 
the 1:2500 dilution.  
 
2.2 Preparing Semen Dilution for Chemical Fixatives 
For the chemical fixative slides, a 1:2500 dilution of the same semen donor was 
prepared.  To prepare this dilution, 5 µL of neat semen was placed in a 2 mL 
microcentrifuge tube with 120 µL of distilled water to make a 1:25 dilution.  This tube 
was vortexed and then 10 µL from this tube was taken and placed in another 2 mL 
microcentrifuge tube and then 990 µL of distilled water was added to make the 1:2500 
dilution.  
 
2.3 Placing Sample on Slides 
The microcentrifuge tube with a 1:2500 dilution of semen was placed in the 
centrifuge for 2 minutes at 13,200 revolutions per minute (rpm).  This process brought all 
of the sperm to the bottom of the centrifuge tube in a pellet, leaving the liquid supernatant 
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above it.  For the heat fixative slides and no fixative slides, the microcentrifuge tube was 
taken out and 475 µL of the supernatant was pipetted off, leaving approximately 25 µL in 
the tube.  Using a clean pipette tip, the pellet was resuspended and 5 µL was then 
removed and deposited onto a glass microscope slide.  This process was repeated until 5 
µL of sample was deposited on each slide for all 10 samples for each of the heat fixatives 
and no fixative slides.  For the chemical fixative slides, the tube was taken out after 
centrifugation and 950 µL of the supernatant was pipetted off, leaving approximately 50 
µL in the tube.  The pellet was resuspended with a clean pipette tip and 5 µL of the 50 µL 
pellet was removed and deposited on all 10 slides per chemical fixative method.  All 
slides were then fixed using the applicable fixative method. 
 
2.4 Heat Fixative Procedures 
2.4.1 Hot Plate Procedure 
 The hot plate temperature was set to 200 °C and slides were placed on it for 25 
seconds.  Using a laser thermometer, the temperature was taken of all the slides 
immediately after removal from the hot plate.  The slides were then stained as described 
in 2.7 right after fixation. 
 
2.4.2 Oven Procedure 
The oven’s temperature was set to approximately 55-56° C and the slides were 
placed in the oven for 30 minutes.  Using a laser thermometer, the temperature was once 
again taken of all the slides immediately after removal from the oven.  The slides were 
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then stained as described in 2.7 right after fixation. 
 
2.4.3 Flame Procedure 
The slides were briefly passed over an approximately 1 inch tall flame 20 times.  
The temperature of the slides was taken immediately after being taken away from the 
flame using the laser thermometer.  The slides were then stained as described in 2.7 right 
after fixation. 
  
2.5 No Fixative Procedure 
The sample was deposited on the slide and it was allowed to air dry for 25 
minutes before being stained as described in 2.7. 
 
2.6 Chemical Fixative Procedure 
After the sample was deposited on the slide, 5 µL of the applicable chemical 
fixative, 100% ethanol (Pharmco-Aaper, Brookfield, CT), 100% methanol (Fisher 
Science Education, Hanover Park, IL), 4% paraformaldehyde (Electron Microscopy 
Sciences, Hatfield, PA), 2.5% glutaraldehyde (Electron Microscopy Sciences, Hatfield, 
PA), and Carnoy’s solution (Fisher Scientific, Fair Lawn, NJ),  was placed on the slide 
for one hour.  Without washing any trace of the chemical off the slide, the slides were 
then stained as described in 2.7. 
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2.7 Staining Procedure 
One drop of nuclear fast red stain (XMAS Tree Stain A, SERI, Richmond, CA) 
was placed onto the slide and allowed to absorb for 15 minutes.  Using a disposable 
pipette, approximately 1 mL of distilled water was used to wash the nuclear fast red stain 
off of the slide.  The distilled water wash was collected into a 2 mL microcentrifuge tube 
and was used for a later step.  One drop of picroindigocarmine stain (XMAS Tree Stain 
B, SERI, Richmond, CA) was added to the slide and allowed to absorb for one minute.  
Using a disposable pipette, approximately 1 mL of ethanol was used to wash the 
picroindigocarmine stain off of the slide.  The ethanol wash was also collected into a 2 
mL microcentrifuge tube and used in a later step.  After this staining step, the slide was 
allowed to air dry and then a coverslip was added by placing two drops of Cytoseal 
mounting media (Cytoseal™ 60, Richard-Allan Scientific, Kalamazoo, MI) on the 
coverslip and placing the coverslip on the slide and allowing the Cytoseal to spread.  
 
2.8 Preparing Slides for Washes 
The microcentrifuge tubes containing the distilled water wash and the ethanol 
wash were centrifuged for two minutes at 13,200 rpm.  Approximately 975 µL of the 
supernatant was removed, leaving around 25 µL.  All 25 µL of the pellet was placed onto 
a microscope slide and was allowed to air dry.  Once dry,  a coverslip was added to these 
unstained slides with Cytoseal.  
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2.9 Counting Sperm Cells on Slides 
A microscope (MMI Cell Tools, Molecular Machines & Industries, Haslett, MI) 
with the associated MMI CellCut software that allows for cells to be marked and counted 
was used to view the original slides, the slides made from the distilled water wash, and 
the slides made from the ethanol wash under 400x magnification.  The number of sperm 
cells found on the slides were counted and recorded.  
 
2.10 DNA Extraction 
 DNA extraction was performed using the forensicGEM™ Sexcrime kit (ZyGEM, 
Charlottesville, VA). For the DNA extraction step, three centrifuge tubes designated 
Tube 1, Tube 2, and Tube 3 respectively, were separately prepared by making a 1:2500 
dilution of semen from the same donor. A master mix was created using 85 µL of 10X 
Orange PLUS buffer, 85 µL of ACROSOLV, 34 µL of forensicGEM, and 561 µL of 
distilled water. A total of 15 tubes were prepared by adding 45 µL of this master mix to 
each tube. Then, 5 µL from Tube 1 was placed into each of the 5 microcentrifuge tubes 
containing the extraction master mix.  This same process was repeated for both Tubes 2 
and 3. All 15 tubes were then placed into the SimpliAmp Thermal Cycler (Applied 
Biosystems by Thermo Fisher, Waltham, MA) for extraction. The thermocycler ran at 52 
°C for 5 minutes, followed by 75 °C for 3 minutes, and finally at 95 °C at 3 minutes. 
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2.11 DNA Quantification 
 Once the DNA extraction step was complete, a master mix for the DNA 
quantification step was created using the Quantifiler™ Duo DNA Quantification Kit 
(Applied Biosystems by Thermo Fisher, Waltham, MA). This master mix was created 
using 487.5 µL of the Quantifiler® Duo PCR Reaction Mix and 490.5 µL of the 
Quantifiler® Duo Primer Mix. For each of the 15 tubes, 23 µL of the master mix and 2 
µL of the sample were added to a PCR tube. This process was repeated to make duplicate 
PCR tubes for each of the 15 original tubes and the samples were then quantified, 
according to kit parameters, on the 7500 Real-Time PCR instrument (Applied Biosystems 
by Thermo Fisher, Waltham, MA) using the ABI Prism 7500 System software (7500 
SDS). 
 
18 
3. RESULTS AND DISCUSSION  
3.1 Evaluation of Heat Fixative Methods 
For the hot plate, flame, and oven fixative methods, no sperm were found on 
either the wash slide from the water wash or the wash slide from the ethanol wash, 
indicating no loss of sperm from the original slides [Tables 2-4].  For the hot plate and 
flame method, the first four original slides were made from the same sperm pellet, the 
next four were made from a second pellet, and the last two were made from a third pellet 
(indicated by highlighting samples from each pellet in different colors).  For the oven 
method, the first three were from the same pellet, the next two were from a second pellet, 
the next three were a third pellet, and the last two were from a fourth pellet.   
 
Table 2. Evaluation of Hot Plate Fixative Method. The first four slides were made 
from the same sperm pellet, the next four were made from a second pellet, and the last 
two were made from a third pellet indicated by the different colors. 
  Temp °C Sperm on 
Original Slide 
Sperm on Water Wash 
Slide 
Sperm on Ethanol Wash 
Slide 
Percent 
Loss (%) 
H1 99.8 968 0 0 0 
H2 99.8 986 0 0 0 
H3 139.8 947 0 0 0 
H4 139.8 997 0 0 0 
H5 109.6 163 0 0 0 
H6 109.6 160 0 0 0 
H7 125.8 229 0 0 0 
H8 125.8 74 0 0 0 
H9 122.1 224 0 0 0 
H10 122.1 167 0 0 0 
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Table 3. Evaluation of Flame Fixative Method. The first four slides were made from 
the same sperm pellet, the next four were made from a second pellet, and the last two 
were made from a third pellet indicated by the different colors. 
  Temp °C Sperm on 
Original Slide 
Sperm on Water Wash 
Slide 
Sperm on Ethanol Wash 
Slide 
Percent 
Loss (%) 
F1 117.2 271 0 0 0 
F2 117.2 272 0 0 0 
F3 119.6 269 0 0 0 
F4 119.6 238 0 0 0 
F5 105.6 184 0 0 0 
F6 105.6 136 0 0 0 
F7 124.2 195 0 0 0 
F8 124.2 190 0 0 0 
F9 129.3 111 0 0 0 
F10 129.3 83 0 0 0 
 
 
 
 
Table 4. Evaluation of Oven Fixative Method. The first three slides were made from 
the same sperm pellet, the next two were made from a second pellet, the next three were 
made from a third pellet, and the last two were made from a fourth pellet indicated by the 
different colors. 
 Temp °C Sperm on 
Original Slide 
Sperm on Water Wash 
Slide 
Sperm on Ethanol Wash 
Slide 
Percent 
Loss (%) 
O1 42.7 233 0 0 0 
O2 42.7 208 0 0 0 
O3 45.1 247 0 0 0 
O4 45.1 991 0 0 0 
O5 55.3 976 0 0 0 
O6 55.3 1089 0 0 0 
O7 56.1 983 0 0 0 
O8 56.1 1008 0 0 0 
O9 50 81 0 0 0 
O10 50 95 0 0 0 
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3.2 Evaluation of No Fixative 
The results for the slides without using a fixative can be seen in Table 5.  As with 
the heat fixative methods, there was no sperm found on either the slides made from the 
water wash or the slides made from the ethanol wash, suggesting that even when a 
fixative technique is not used, sperm cells are not being washed away during the staining 
process.  The first four original slides were made from the same pellet, the next four were 
made from a second pellet, and the last two were made from a third pellet. 
 
Table 5. Evaluation of No Fixative Method. The first four slides were made from the 
same sperm pellet, the next four were made from a second pellet, and the last two were 
made from a third pellet indicated by the different colors. 
 Sperm on 
Original Slide 
Sperm on Water Wash Slide Sperm on Ethanol Wash Slide Percent 
Loss (%) 
N1 211 0 0 0 
N2 135 0 0 0 
N3 131 0 0 0 
N4 157 0 0 0 
N5 71 0 0 0 
N6 137 0 0 0 
N7 95 0 0 0 
N8 119 0 0 0 
N9 82 0 0 0 
N10 89 0 0 0 
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3.3 Evaluation of Chemical Fixative Methods 
The results for the 100% ethanol, 100% methanol,  Carnoy’s solution, 2.5% 
glutaraldehyde, and 4% paraformaldehyde can be seen in Tables 6-10, respectively.  For 
all five of the chemical fixatives, the ten original slides were all made from the same 
pellet per fixative.  
 
 
Table 6. Evaluation of 100% Ethanol Fixative Method. 
  Sperm on 
Original Slide 
Sperm on Water Wash Slide Sperm on Ethanol Wash Slide Percent 
Loss (%) 
E1 233 0 0 0 
E2 87 0 0 0 
E3 316 0 0 0 
E4 59 0 0 0 
E5 58 0 0 0 
E6 116 0 0 0 
E7 68 0 0 0 
E8 80 0 0 0 
E9 66 0 0 0 
E10 140 0 0 0 
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Table 7. Evaluation of 100% Methanol Fixative Method. 
  Sperm on 
Original Slide 
Sperm on Water Wash Slide Sperm on Ethanol Wash Slide Percent 
Loss (%) 
M1 419 0 0 0 
M2 410 0 0 0 
M3 356 0 0 0 
M4 236 0 0 0 
M5 347 0 0 0 
M6 329 0 0 0 
M7 414 0 0 0 
M8 431 0 0 0 
M9 326 0 0 0 
M10 277 0 0 0 
 
 
 
 
 
 
 
Table 8. Evaluation of Carnoy’s Solution Fixative Method. 
 Sperm on 
Original Slide 
Sperm on Water Wash Slide Sperm on Ethanol Wash Slide Percent 
Loss (%) 
C1 147 0 0 0 
C2 118 0 0 0 
C3 130 0 0 0 
C4 134 0 0 0 
C5 174 0 0 0 
C6 134 0 0 0 
C7 175 0 0 0 
C8 178 0 0 0 
C9 157 0 0 0 
C10 376 0 0 0 
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Table 9. Evaluation of 2.5% Glutaraldehyde Fixative Method. 
 Sperm on 
Original Slide 
Sperm on Water Wash Slide Sperm on Ethanol Wash Slide Percent 
Loss (%) 
G1 779 0 0 0 
G2 586 0 0 0 
G3 556 0 0 0 
G4 666 0 0 0 
G5 462 0 0 0 
G6 524 0 0 0 
G7 484 0 0 0 
G8 247 0 0 0 
G9 152 0 0 0 
G10 309 0 0 0 
 
 
 
 
 
Table 10. Evaluation of 4% Paraformaldehyde Fixative Method. 
 Sperm on 
Original Slide 
Sperm on Water Wash Slide Sperm on Ethanol Wash Slide Percent 
Loss (%) 
P1 287 0 0 0 
P2 243 0 0 0 
P3 251 0 0 0 
P4 391 0 0 0 
P5 626 0 0 0 
P6 495 0 0 0 
P7 447 0 0 0 
P8 524 0 0 0 
P9 397 0 0 0 
P10 214 0 0 0 
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3.4 Comparing the Different Fixative Methods 
 No sperm loss was observed as a result of slide preparation for any of the 
different fixative methods.  Because all methods had the same outcome, it is 
recommended to use one of the heat fixatives due to the minimal cost, reduced time, and 
simplicity.  The chemical fixative methods incur reagent costs and can involve time 
consuming reagent preparation and added chemical disposal costs.  Even though the 
slides without the use of any fixative had no observed sperm loss, the air drying time is 
longer than the flame and the hot plate from the heat fixative methods.  Thus, the hot 
plate would be the quickest way to prepare the slides compared to the flame and the oven 
and doesn’t require a gas line into the laboratory.  As for the difference in temperatures 
between the heat fixatives, since there was no sperm loss observed the temperature 
variation did not seem to decrease the effectiveness of the fixative, however high 
temperatures could have an effect on DNA recovery. Since there was some variation 
between temperatures within each fixative method, the average of the temperatures for 
each fixative method was taken [Table 11].  
 
Table 11. Average Temperature for Each Heat Fixative. 
Fixative Average Temperature 
Oven 49.84 
Hot Plate 119.42 
Flame 119.18 
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3.5 Challenges with Sperm Count Variability 
During the preparation of the slides for the heat fixative methods and no fixative 
method, slides were prepared using 5 µL from different pellets of semen dilutions 
originating from the same neat semen sample, but prepared separately.  After evaluating 
the number of sperm observed on the original slides, it was apparent that there was wide 
variation in the number of sperm found in each pellet.  For the chemical fixatives, the 
method was altered so that 5 µL from the same pellet was used for all ten of the samples 
for each method.  The average sperm count and range for each fixative method can be 
seen in Table 12.  Even when 5 µL was taken from a single pellet for the chemical 
fixatives, there was still a lot of variability with the sperm counts on the original slides.  
This demonstrates that despite efforts made to prepare homogenous samples, producing a 
series of slides with a similar number of sperm on each was unattainable. 
 In past research performed in this laboratory, there have also been wide 
variations in sperm counts from replicate samples. For example, in a study looking at the 
efficacy of recovering sperm from controlled volumes of semen collected on swabs, the 
average sperm count was around 69,000 with a variation of ± 9660.28 In another study 
that looked at the recovery of sperm from swabs spiked with semen, there was also a 
wide variation of a sperm count.29 The number of sperm recovered ranged from about 
3,200 to 5,750. Despite the researchers’ efforts to use the same amount of sperm cells and 
the same recovery process to evaluate replicate samples, the quantity of sperm actually 
observed microscopically were not always similar. If two or more methods are being 
compared and slides are evaluated, any variation in the results could be attributed to an 
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inability to accurately measure out samples with equivalent sperm concentrations and not 
from the actual variables that are being studied. If assessment of sperm concentration is 
not reliable when examining slides, conclusions drawn from such studies might also be 
inaccurate.  
 
Table 12. Variability of Sperm Count and Range for Each Fixative. Ten samples 
were evaluated per fixative for a total of 90 samples. 
Method Average Low High Range SD 
Hot Plate 491.5 74 997 923 417.9934 
Flame 194.9 83 272 189 68.52161 
Oven 591.1 81 1089 1008 445.1076 
No Fixative 122.7 71 211 140 41.69213 
100% Ethanol 122.3 58 316 258 86.55255 
100% Methanol 354.5 236 431 195 65.15153 
Carnoy's Solution 172.3 118 376 258 74.59677 
2.5% Glutaraldehyde 476.5 152 779 627 192.7222 
4% Paraformaldehyde 387.5 214 626 412 137.61 
 
 
Table 14 shows the standard deviation of all 90 samples [Table 13], which was 
used to calculate both + 1 standard deviation and - 1 standard deviation. This table shows 
that 78 out of the 90 samples, or 87%, fall within ± 1 standard deviation of the mean, 
while the other 12 samples fall outside ± 1 standard deviation of the mean but are within 
± 2 or ± 3 standard deviations of the mean. 
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Table 13. All 90 Samples in Ascending Order. Number of sperm per slide of all 90 
samples shown in ascending order. 
58 87 134 160 211 247 329 447 779 
59 89 134 163 214 251 347 462 947 
66 95 135 167 224 269 356 484 968 
68 95 136 174 229 271 376 495 976 
71 111 137 175 233 272 391 524 983 
74 116 140 178 233 277 397 524 986 
80 118 147 184 236 287 410 556 991 
81 119 152 190 238 309 414 586 997 
82 130 157 195 243 316 419 626 1008 
83 131 157 208 247 326 431 666 1089 
 
 
 
Table 14. Standard Deviation (SD) of All 90 Samples. 78/90 samples fall ± 1 SD of the 
mean. 
SD 271.4686 
Mean + 1SD 595.1686 
Mean - 1SD 52.23136 
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Figure 6. Scatterplot of All 9 Fixatives. 
 
 
 
3.6 DNA Quantification 
 The DNA quantification results and the average quantity for each of the three 
tubes can be seen in Table 15. 
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Table 15. Quantification Results for Each Tube. Results from Tube 1 are labeled 1-1 
through 1-5, results from Tube 2 are labeled 2-1 through 2-5, and results from Tube 3 are 
labeled 3-1 through 3-5, which represents the 5 replicates from each tube and A and B 
represent the duplicates from the quantification step. One outlier is highlighted in red. 
Sample Quantity (ng/µL) Average SD 
1-1 A 0.033029981 
0.034273791 0.016676956 
1-1 B 0.022888942 
1-2 A 0.035394609 
1-2 B 0.021697906 
1-3 A 0.036605836 
1-3 B 0.021400917 
1-4 A 0.065366781 
1-4 B 0.061968711 
1-5 A 0.024989525 
1-5 B 0.019394699 
2-1 A 0.035885793 
0.038925437 0.010869447 
2-1 B 0.046218538 
2-2 A 0.040408926 
2-2 B 0.039103284 
2-3 A 0.02849896 
2-3 B 0.030025522 
2-4 A 0.051068411 
2-4 B 0.060269146 
2-5 A 0.027125424 
2-5 B 0.030650363 
3-1 A 0.049962738 
0.035836886 0.011617153 
3-1 B 0.038534243 
3-2 A 0.041325665 
3-2 B 0.05588831 
3-3 A 0.036269543 
3-3 B 0.039030114 
3-4 A 0.024544249 
3-4 B 0.029147969 
3-5 A 0.022447956 
3-5 B 0.021218071 
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 The following figure and table show a box plot for each tube and a data summary 
which shows the median, first and third quartiles, and the maximum and minimum 
number in the data sets. Using these numbers, one outlier was observed in Tube 1 which 
is highlighted in red in Table 15. 
 
Figure 7. Box Plot for Tubes. Box plot graph of all three tubes displaying the minimum 
value, 1st quartile, median, 3rd quartile, maximum value, and the outlier in Tube 1. The 
horizontal line in the boxes represent the median while the dot in the boxes represent the 
averages. The lowest and highest line outside of the boxes represent the minimum and 
maximum values respectively while the lowest and highest line of the boxes represent the 
1st and 3rd quartile respectively. 
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Table 16. Box Plot Data Summary 
 n Min Q1 Median Q3 Max 
Tube 1 10 0.019395 0.0223 0.029 0.0393 0.065367 
Tube 2 10 0.027125 0.0303 0.0375 0.0445 0.060269 
Tube 3 10 0.021218 0.026 0.0375 0.0405 0.055888 
 
 The following table shows that for both Tube 1 and Tube 2, 80% of the samples 
fall within ± one standard deviation of the mean and for Tube 3 and for all three tubes, 
60% of the samples fall within ± one standard deviation of the mean. In a normal 
distribution, approximately 68% of data will fall with ± 1 standard deviation of the mean, 
so these results are approximately what would be expected. 
 
Table 17. Standard Deviations of Tubes. Shows the number of samples within ± 1 SD 
of the mean and the percentage. 
 
 Mean SD Mean + 1 
SD 
Mean - 1 
SD 
# in 
range/total 
% 
Tube 1 0.03427 0.01668 0.05095 0.01760 8 out of 10 80% 
Tube 2 0.03893 0.01087 0.04979 0.02806 8 out of 10 80% 
Tube 3 0.03584 0.01162 0.04745 0.02422 6 out of 10 60% 
All Tubes 0.03635 0.01299 0.04933 0.02336 18 out of 30 60% 
 
 
Table 18. T-test p-Values Between Tubes. 
 p-value 
Tube 1 & Tube 2 0.224145 
Tube 1 & Tube 3 0.834876 
Tube 2 & Tube 3 0.562015 
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 Table 18 demonstrates the p-values for the t-tests between each of the tubes. The 
null hypothesis is that there is not a significant difference between the data sets while the 
alternate hypothesis is that there is a significant difference between the data sets. Since 
the p-values are greater than 0.05, this means that the null hypothesis is accepted and 
there is no significant difference between the tubes. These results from the DNA 
quantification step show that while there is some variation between replicates and 
prepared dilutions, on average, these differences were not statistically significant. This 
shows that DNA recovery is relatively consistent but that the slide preparation process 
introduces variability. 
                                                                                   
3.7 Preferred Fixative Method 
 Since there was no observed sperm loss in any of the fixative methods, all are 
suitable for use in identifying semen.  Due to cost, time, and ease of use the heat fixatives 
may be the preferred method to use.  Since the different temperatures of the heat fixatives 
did not appear to have an effect on sperm loss, the hot plate would be the easiest and 
quickest method to use, and further, it would not require a gas line into the lab.    
 
3.8 Effect of Sperm Count on Subsequent DNA Analysis 
 About two-thirds of cases where DNA analysis is performed are sexual assault 
cases.30  The results of this study demonstrate that preparing semen dilutions yielded 
relatively consistent quantities of DNA but widely variable sperm counts when 
microscope slides were prepared from the same dilutions. This can be an issue when 
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dealing with subsequent DNA analysis.  If the sperm count on a slide seems low when 
performing confirmatory testing for semen, it might be assumed that there is not enough 
DNA to conduct successful DNA analysis.  However, the low number of sperm on the 
slide may not necessarily be representative of the concentration of sperm on the item of 
evidence itself.  
 There are three goals with DNA extraction: to release DNA in solution through 
lysis, to separate the DNA from these other components, and to purify the DNA extract 
for PCR amplification..30 Extraction is essentially performed by releasing the DNA into 
solution where it binds to something, such as silica beads.  These beads are then washed 
and the unwanted cellular components are removed, leaving the purified DNA in clean 
solution.   
 
Figure 8. Process of DNA extraction. 
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 Since the number of sperm observed microscopically from the same semen 
dilution varied greatly on replicate slides, it may be possible that sperm is getting caught 
in the pipette tips or on the sides of the centrifuge tubes. Butler suggests that it may be 
possible that cells bind to the tube walls during storage.30  If this is the case, it could be 
possible that sperm adheres to tubes or pipette tips during the DNA extraction process 
leaving less for analysis. It might also be possible that the pellet wasn’t perfectly 
homogenized when it was resuspended prior to slide preparation or that pipetting errors 
were made. 
When DNA is extracted from a suspected biological stain in a sexual assault case, 
there will often be a mixture of two or more profiles.25  Software that is used for DNA 
analysis can display peak heights,indicating the relative amount of DNA, and be helpful 
in mixture interpretation.  However, as these results demonstrated there could be an issue 
with the amount of sperm in a sample due to preparation.  If sperm is adhering to the 
pipette tips or the tubes, DNA results could be deleteriously affected.  If the amount of 
DNA is very low in a particular sample, it might be beneficial to try to re-extract a 
different portion of the stain or swab to see if more sperm are obtained.   
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4. CONCLUSIONS 
4.1 Future Research 
One avenue of future research involves investigating why sperm concentration is 
so variable during the slide preparation process.  If sperm is adhering to the pipette tip or 
to the sides and the bottom of the centrifuge tube when preparing the slides, one could try 
to extract DNA from these areas to see if some sperm have been deposited there.  There 
may have been some sperm loss with these results that was not discovered if sperm were 
adhering to the pipette tips or the centrifuge tube.  Finding out why a particular dilution 
of semen may not result in reliable or repeatable cell concentration when slides are made 
could be useful in multiple scientific disciplines.  For example, in the medical field when 
a cytological slide is made from a specimen, the specimen is spun down in a centrifuge to 
bring the cells to the bottom.  If sperm is getting stuck in the centrifuge tubes, other cells 
from other surgical specimens and body fluids might also be adhering to the tubes.  
According to the  International Organization for Standardization (ISO), the ISO 
8655 standard31 states that pipettes have permissible errors for each different pipette 
range. For example, if one is using a pipette designed to dispense 1-10 µL, a maximum 
inaccuracy of ± .120 µL is allowed; if a 100-1000 µL pipette is used, a maximum 
inaccuracy of ± 8.0 µL is allowed. Since pipettes are permitted these tolerances in 
measurement accuracy, variations in sample volume could also be affecting the 
concentration of sperm in each aliquot. Further, sperm counts may vary if different 
pipettes are being used throughout an experiment or if pipettes that do not function within 
the prescribed tolerances are utilized. Investigating pipette accuracy and precision in 
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relation to the ability to reliably measure semen samples (thus, sperm cells) could be an 
important avenue of future research. 
 
4.2 Conclusion 
 Overall this research demonstrated that there was no apparent sperm loss during 
the slide preparation process for the microscopic examination of semen. However, it did 
showcase that there is a wide variation in the number of sperm observed between 
“identical” aliquots of the same dilution. When comparing DNA quantification results, 
the variation in DNA concentration between the different samples was not significant. 
Therefore, the source of sperm count variation observed during the examination of 
microscope slides is unknown, but appears to be due to the slide preparation procedure 
rather than arising from the preparation of the semen dilution. 
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